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A perpendicular magnetic recording and reproducing 
head, including: a spiral coil of at least one electrically 
conductive thin film; and a main pole of a first thin 
magnetic film having an end for recording and repro- 
ducing information, the main pole and the spiral coil 
being electromagnetically coupled to each other. A 
perpendicular magnetic head such as this can be easily 
manufactured, can be adapted not only to floppy disks 
but also to rigid disks, is suitable for high-frequency 
operation, and has an improved recording/reproducing 
efficiency. 



14 Claims, 12 Drawing Figures 
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Still another object of the present invention is to 

PERPENDICULAR MAGNETIC RECORDING AND provide a perpendicular magnetic recording and repro- 

REPRODUCING HEAD ducing head in which a rigid disk can be used as the 

recording medium. 

BACKGROUND OF THE INVENTION 5 In order to accomplish the above objects, there is 

, , . , . provided, according to the present invention, a perpen- 

\ Field of the Invention magnetic recording and reproducing head, com- 

Thepres^tmvennonr^ prising: a spiral coil consisting of at least one electrically 

netic recording and reproducing head. More partial- ^ * p ^ ^ d ■ ^ le G f a 

larly, it relates to lQ ^^^n fflm and having an end for recording 

not having an auxdiary pole, ^^^J^l S ^ucing information, the main pole and the 

manufactured and having a high recordmg/reproduc- bein | electromagnetically coupled to each 

ing efficiency. ^ 

ffiS?^ magnetic head is 15 According to one aspect of the 
known which uses an a\*£ary pole to magnetize a main 15 Ocular magnetic recording and reproducing head fur- 
v^^^^^S reconling and repro- *er comprises an insulating film for covering the spiral 
poie so as 10 eireci ai &™ clK » iy f mm Jl * coil, the main po e extending under the insulating film 
ducing of information on a medium, For example, a ^7 "~ L *T f r . * _ 
magnetic disk (see Japanese Patent Publciation No. and under a half of the spiral coil 
™B4706 filed on May 6, 1976; inventor: Shunichi ^ According to another aspect of me mvention, the 
S XL conventional perpendicular magnetic 20 nc ^^JZ2t^ 
heXa main pole, formed from a thin magnetic film head further comprises ^ Dd ^^ ^ 
made of, for example, permalloy, is placed adjacent to magnetically in contact with the other end of the mam 
Son surface of a recoXg medium; and an auxil- pole at the central portion of the 
iary pole, made of ferrite and having a coil wound ^ thm magnetic fihn t extending ova ' the msulaung film 
2nd it is placed so that it faces the back surface of 25 and at least over the other half of the spiral coil, 
the recording" medium. By supplying a current to the According to stiD .another aspect 
coil, the auxiliary pole is magnetized and, accordingly, second thm magnetic fihn extends over the entire diam- 
ine thin film of the main pole is magnetized by the mag- eter of the spiral coil, the mam pole and the second thin 
netized auxiliary pole. This results in high-density re- 30 magnetic film forming a closed flux structure. 
££g S tSe medium is magnetuSd in a direc- 30 According to still another aspect of the invention, the 
tion perpendicular to its surface. When reproducing, end of the main pole for recording and reproducing 
variations of the recorded magnetizations in the me- information has a width smaller than the width of the 
dium are read by the thin film of the main poie, resulting other portion of the mam pole, 
m variations in the voltage generated between both 35 According to still another aspect of the mvention, the 
ends of the coil wound around the auxiliary pole. end of the main pole for recording and reproducing 

The above-mentioned conventional magnetic head, information has a thickness smaller than the thickness of 

however, has the following disadvantages. Firstly, the the other portion of the mam pole, 

inductance of the coil wound around the auxiliary pole According to still another aspect of the mvention, tfie 

is so high that high-frequency operation is difficult 40 second thin magnetic film has a width larger than the 

Secondly, since the distance between the main pole and width of the mam pole. 

the auxiliary pole is so great, the recording and repro- According to still another aspectof the mvention, the 

ducing efficiency is low. Thirdly, rigid disks cannot be second thin magnetic film has a thickness larger than 

used as the recording medium since they generally are the thickness of the mam pole. 

so thick that the distance between the main pole and the 45 According to still another aspect of the mvention, the 

auxiliary pole is too great to effect recording or repro- spiral coil comprises one electrically conductive thin 

ducing. film spirally formed in a plane. 

In order to overcome these disadvantages, the use of According to still another aspect of the mvention, die 

a main pole without the use of an auxiliary pole may be spiral coil comprises a number of stacked thm circular 

considered in conjunction with a thin film coil being 50 films, each of the stacked thm circular films being msu- 

wound around the main pole. It is, however, difficult to lated by the insulating film. 

wind a thin film coil around a main pole formed from a According to still another aspect of the mvention the 

thin film, and, also, the number of turns of a thin-film reproducing head comprises: a spiral cod consisting of 

coil is limited, i.e., only a few turns are possible. There- at least one electrically conductive thm film; a mam 

fore, the use of a main pole having a thin-film coil 55 pole consisting of a first thin magnetic film and having 

wound around it is not practical. an end for recording information, the mam pole and the 

spiral coil being electromagnetically coupled to each 

SUMMARY OF THE INVENTION other . ^ a magnetoresistive element for reproducing 

Accordingly, an object of the present invention is to information, 

provide a perpendicular magnetic recording and repro- 60 BRIEF DESCRIPTION OF THE DRAWINGS 
ducing head which is suitable for high-frequency opera- 

tion * The above objects and features of the present lnven- 

Another object of the present invention is to provide tion will be better understood from the following de- 

a perpendicular magnetic recording and reproducing scription of the embodiments, as. compared with the 

head which can be easily manufactured. 65 conventional magnetic head, with reference to the ac- 

Still another object of the present invention is to companying drawings, in which: 

provide a perpendicular magnetic recording and repro- FIG. 1 is a side view of a conventional perpendicular 

ducing head which has a high recording efficiency. magnetic head having an auxiliary pole; 
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FIG. 2 is a side view of an imaginary proposed per- reproducing efficiency is low. Therefore, rigid disks 

pendicular magnetic head having a main pole only; made of, for example, aluminum cannot be used as re- 

FIG. 3 is a plan view of a perpendicular magnetic cording medium 1 in the recording system of FIG. 1 

recording and reproducing head according to a first since they have a thickness of about several millimeters 

embodiment of the present invention; 5 and, therefore, the distance between main pole 3 and 

FIG. 4 is a cross-sectional view taken along line auxiliary pole 5 would be too great to effect a recording 

IV — IV' of FIG. 3; or reproducing operation. Further, if a thin rigid disk is 

FIG. 5 is a plan view of a perpendicular magnetic used as recording medium 1, and if the thin rigid disk is 

recording and reproducing head according to a second made of a metal, for example, aluminum, magnetic eddy 

embodiment of the present invention; 10 currents would be produced on the surface of the rigid 

FIG. 6 is a cross-sectional view taken along line VI- disk by a large- volume auxiliary pole 5, thereby causing 

— VI' of FIG. 5; a decrease in the recorded magnetization of the rigid 

FIG. 7 is a cross-sectional view of a perpendicular disk. Therefore, metal disks cannot be used as a record- 
magnetic recording and reproducing head according to ing medium 1 in the recording system of FIG. 1. Only 
a third embodiment of the present invention; 15 floppy disks having a thickness of about 50 Jim through 

FIG. 8 is a plan view of a perpendicular magnetic 100 urn can be used, but they also produce a low re- 
recording and reproducing head according to a fourth cording or reproducing efficiency, 
embodiment of the present invention; In order to overcome these disadvantages in the mag- 

FIG. 9 is a cross-sectional view taken along line IX- netic head of FIG. 1, a thin film head having a main 

— DC' of FIG. 8; 20 pole, but not having an auxiliary pole, such as that ill us- 

FIG. 10 is a cross-sectional view of a perpendicular trated in FIG. 2 may be considered. In FIG. 2, auxiliary 

magnetic recording and reproducing head according to pole 5 of FIG. 1 is not used. Instead, main pole 3 has a 

a fifth embodiment of the present invention; coil 7 wound around it. If coil 7 is windings of wire, the 

FIG. 11 is a cross-sectional view of a perpendicular inductance of coil 7 will also become high, resulting in 

magnetic recording and reproducing head according to 25 a low-response speed during high-frequency operation, 

a sixth embodiment of the present invention; and Therefore, coil 7 must be made by winding thin films 

FIG. 12 is a graph illustrating the recording and re- and then stacking the thin films around main pole 3. The 
producing characteristics of the magnetic head of manufacturing steps for stacking the thin films around 

FIGS. 3 and 4. main pole 3 are very complicated, and, thus, it is diffi- 

,™-r^r ^ ™ w 30 cult to manufacture the magnetic head of FIG. 2. 

DESCRIPTION OF THE PREFERRED Embodiments of the present invention will be de- 

EMBODIMENTS scribed with reference to FIGS. 3 through 12. 

Before describing the embodiments of the present FIGS. 3 and 4 illustrate the first embodiment of the 
invention, a conventional example will first be de- present invention. In FIG. 3, a main pole (or mono- 
scribed with reference to FIG. 1. In FIG. 1 a recording 35 magnetic main pole) 10 is formed from a first thin mag- 
medium 1 has a recording surface 2 and a back surface netic film made, for example, of permalloy; an end 11 of 

4. A main pole 3, made of a thin magnetic film, for main pole 10 is for recording and reproducing tnforma- 
example, permalloy, has an end portion which is placed tion. A recording medium 12, having a recording sur- 
so as to face recording surface 2 of recording medium 1. face, is, for example, a floppy disk or a rigid disk made 
An auxiliary pole 5 is placed having an end near the 40 of aluminum on which a thin magnetic film is deposited, 
back surface of the recording medium 1 so as to face A spiral coil 16 is made of a thin metal film, for example, 
back surface 4 of medium L Auxiliary pole 5 has a large copper or aluminum and is formed by an evaporating, 
volume in comparison with main pole 3 and has a coil 6 sputtering, or plating technique. The center of spiral 
wound around it. By supplying a current to coil 6> auxil- coil 16 is 15. A second thin magnetic film 18 is in mag- 
iary pole 5 is magnetized and main pole 3 is magnetized 45 netic contact with main pole 10 at center 15 of spiral 
by magnetized auxiliary pole 5. Since main pole 3 is a coil 16. End 11 of main pole 10 is placed near the surface 
thin film, it is strongly magnetized, and, therefore, re- of recording medium 12. End 11 of main pole 10 may 
cording surface 2 of recording medium 1 is magnetized alternatively be placed in contact with the surface of 
in a direction perpendicular to the surface of recording recording medium 12. Center 15 of spiral coil 16 is 
medium 1, resulting in high-density recording. During - 50 placed at the other end of main pole 10. The main pole 
reproduction recording medium 1 moves past the gap 10 generates a magnetic flux which is perpendicular to 
between the poles and variations of the recorded mag- the surface of the recording medium 12. 
netizations in recording medium 1 are transferred to In FIG. 4, main pole 10 is formed on a substrate 13a 
main pole 3. The variations of the magnetizations in made of inorganic material, for example, ceramic mate- 
main pole 3 then cause variations of the voltage be- 55 rial or glass. Main pole 10 and the surface of substrate 
tween both ends of coil 6 wound around auxiliary pole 13a are covered with a first insulating layer 14. Spiral 

5. Thus, the information recorded in medium 1 can be coil 16 is placed on first insulating layer 14. Spiral coil 
read out. 16 has a number of turns but, in this embodiment, is 

The above-mentioned conventional magnetic head of formed by one metal layer. That is, spiral coil 16 does 
FIG. 1, however, has the following disadvantages. 60 not have a stacked structure, i.e., a multilayer structure. 
Firstly, since coil 6 is wound around auxiliary pole 5 Spiral coil 16 is covered with a second insulating film 
having a the inductance of coil 6 becomes so high that 17, which is formed on first insulating film 14. At the 
the response during a high-frequency recording or re- central portion of spiral coil 16, near center 15, a 
producing operation is delayed too much. Secondly, contact window is formed through first insulating layer 
since main pole 3 and auxiliary pole 5 are separated by 65 14 and second insulating film 17. In the contact win- 
distance d, which is generally greater than the thickness dow, main pole 10 is in contact with second thin mag- 
of recording medium 1, the distance between main pole netic film 18. Second thin magnetic film 18 extends in 
3 and auxiliary pole 5 is so great that the recording and the direction opposite to the extending direction of main 
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pole 10. Second insulating film 17 and second thin mag- 
netic film 18 are covered with protective film 13b made 
of inorganic material, for example, ceramic material or 
glass. Assuming that, with respect to center 15 of spiral 
coil 16, the portion of spiral coil 16 nearest to recording 5 
medium 12 is the front portion of spiral coil 16 and that 
the portion of spiral coil 16 farthest from recording 
medium 12 is the rear portion of spiral coil 16, main pole 
10 is magnetized by the front portion of spiral coil 16, 
and second thin magnetic film 18 is magnetized by the 10 
rear portion of spiral coil 16 when a current is supplied 
to spiral coil 16. This is apparent from FIGS. 3 and 4. 

A second embodiment of the invention is described 
with reference to FIGS. 5 and 6. In this embodiment, 
briefly, the spiral coil has a stacked structure, Le„ a 15 
multilayer structure. That is, the spiral coil has a num- 
ber of turns which are stacked by employing a plurality 
of metal films. Between the metal films, an insulating 
film is provided. More precisely, in FIGS. 5 and 6, a 
first U-shaped metal film 16a is placed in the lowest 20 
portion of the spiral coil and is formed on a first insulat- 
ing film 17a the first U-shaped metal film 16* being 
covered with a second insulating film 17 b. A first rect- 
angular metal film 16b is in contact with one end of 
U-shaped metal film 16a at contact point Q. The first 25 
rectangular metal film 16b is covered with a third insu- 
lating film 17c A second U-shaped metal film 16c is in 
contact with the first rectangular metal film 166 at 
contact point c* The second U-shaped metal film 16c is 
formed on a second insulating film 176 and is covered 30 
with a fourth insulating film 17& A second rectangular 
metal film 16d is in contact with second U-shaped metal 
film 16c at contact point c\. The second rectangular- 
metal film 16d is formed on a third insulating film 17c 
and is covered with a fifth insulating film lie. A third 35 
U-shaped metal film 16c is in contact with the second 
rectangular metal film 16d at contact point C2- The third 
U-shaped metal film 16c is formed on a fourth insulating 
film lid and is covered with a sixth insulating film 17/ 

In such a manner as described above with reference 40 
to FIGS. 5 and 6, a spiral coil having a stacked structure 
can be obtained. 

The spiral coil may alternatively be formed as a helix. 

By forming such a spiral coil so that it has a single 
layer structure, a multilayer structure, or a helical struc- 45 
ture, the process of winding the coil around the main 
pole is not necessary. Therefore, such a spiral coil is 
suitable for the manufacture of a thin-film head, and a 
coil having a large number of turns can be easily manu- 
factured. 50 

A third embodiment of the invention is described 
with reference to FIG. 7. The difference between FIG. 
4 and FIG. 7 is that in FIG. 7, the second thin magnetic 
film is extended to cover not only the rear portion but 
also the front portion of spiral coil 16. In FIG. 7, the 55 
rear portion and the front portion of the second thin 
magnetic film are denoted by 18a and 186, respectively. 
A front end 19 of front portion 186 of the second thin 
magnetic film is not exposed, at the front surface of the 
head, which faces the recording medium; therefore, the 60 
front end 19 does not record or reproduce. Due to the 
structure of FIG. 7 (the distance di between the front 
end of main pole 10 and front end 19 of front portion 
186 of the second thin magnetic film is very short), the 
magnetic resistance is decreased and, accordingly, al- 65 
most all of the magnetic flux from the front end of main 
pole 10 go to front end 19 of front portion 186 of the 
second thin magnetic film. 



6 

A fourth embodiment of the present invention is de- 
scribed with reference to FIGS. 8 and 9. The difference 
between FIGS. 3 and 4 and FIGS. 8 and 9 is that in 
FIGS. 8 and 9 both the width and the thickness of main 
pole 10ct at its front portion 20 are smaller than those at 
its rear portion; and both the width and thickness of 
second thin magnetic film 18c are greater than those of 
main pole 10a. Due to this structure, a stronger mag- 
netic field is generated at the narrower and thinner front 
portion 20 of main pole lOtf during recording, resulting 
in an improved recording characteristic. Also, since 
main pole 10a and second thin magnetic film 18c are 
wider and thicker at the rear portion, leakage of the 
magnetic flux is decreased during reproduction, result- 
ing in an improved reproduction efficiency. 

A fifth embodiment is described with reference to 
FIG. 10. The difference between FIG. 4 and FIG. 10 is 
that, in FIG. 10, a third insulating film 21 is provided 
under main pole 10 and under a first insulating film 14, 
and a magneto-resistive (MR) element 22 is provided in 
third insulating film 21. The front end of MR element 22 
is exposed so as to face recording medium 12. As is well 
known, a MR element, made of, for example, permal- 
loy, has a very thin thickness, about 500 angstroms, and, 
is used only for reproducing information. Under third 
insulating film 21, magnetic material of a ferrite sub- 
strate 23 is formed. Main pole 10 and ferrite substrate 23 
act as shield layers for MR element 22. In the structure 
of FIG. 10, main pole 10 is used only for recording and 
MR element 22 is used only for reproduction. Since MR 
element 22 is thinner than main pole 10, the reproduc- 
tion of information recorded at a high density is easily 
realized. 

A sixth embodiment is described with reference to 
FIG. 11. The difference between FIG. 10 and FIG. 11 
is that in FIG. 11, in place of ferrite substrate 23, a third 
thin magnetic film 24 is formed under third insulating 
film 21, and under third thin magnetic film 24, nonmag- 
netic inorganic substrate 25 is provided. Third thin 
magnetic film 24 also acts as a shield layer for MR head 
22. Due to this structure, the same effects as in the fifth 
embodiment of FIG. 11 are obtained. 

The structures of FIGS. 10 and 11 can also be easily 
manufactured since the manufacturing steps comprise a 
conventional technique for forming an inductive thin 
film head. 

Although second thin magnetic film 18 is magneti- 
cally coupled to the rear portion of spiral coil 16, pro- 
vided in the first embodiment illustrated in FIGS. 3 and 
4, second thin magnetic film 18 may alternatively be 
omitted according to the present invention. When sec- 
ond thin magnetic film 18 is provided, the rear portion 
of spiral coil 16 increases the magnetic flux in main pole 
10, resulting in an improved recording and reproducing 
efficiency. 

Further, a spiral coil or a helical coil may be provided 
not only on one side of main pole 10 but may alterna- 
tively be provided on the other side of main pole 10 as 
well. Also, a spiral coil may alternatively be provided 
on each side of main pole 10 so as to increase the recor- 
ding/reproducing efficiency. 

FIG. 12 shows two experimental curves ci and C2. 
Curve ci represents the recording and reproducing 
characteristics when second thin . magnetic film 18 is 
provided as in the first embodiment illustrated in FIGS. 
3 and 4, and curve ci shows the recording and repro- 
ducing characteristics when second thin magnetic film 
18 is not provided in the structure of FIGS. 3 and 4. In 
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both cases, a floppy disk, having a 0.5 urn thick cobalt- operation, which has a high recording/reproducing 

chromium alloy film and an underlayered 0.5 /xm thick efficiency, and with which a rigid disk can be used as a 

nickel-iron alloy film is rotated at a velocity of 2 m/s. recording medium. 

The horizontal axis represents the magneto-motive We claim: 

force which is supplied to spiral coil 16, and the vertical 5 1. A perpendicular magnetic recording and reproduc- 
axis represents the reproduced output which is normal- ing head for recording information on and reproducing 
ized by the saturation output when second magnetic information from a recording medium having a record- 
film 18 is not provided. As will be apparent from FIG. ing surface, comprising: 

12, the magneto-motive force necessary to get a satura- a first thin magnetic film in substantially perpendicu- 

tion output decreases by about 60% which the second 10 iar relation with the recording surface, the first thin 

thin magnetic film 18 is used. The reproduced output magnetic film having a first end, adjacent to the 

also increases by about 60%. recording surface, which generates a magnetic flux 

The recording and reproducing characteristics are perpendicular to the surface of the recording me- 

expressed as follows according to the experimental dium for recording and reproducing information 

results. 15 and a second end; 

„ t „ „ _ „ \ ■% r *» a second thin magnetic film having a first portion in 

FLOPPY DISK (Co..Cr 0.5 uom, Ni.Fe 0.5 /im) V-2 substantially parallel relation with the first thin 

nv ' s magnetic film and a second portion connected to 

1. Recording Characteristics the second end of the first thin magnetic film; and 

a. An auxiliary pole was used as in the conventional 20 a thin film coil, disposed in a plane which is substan- 
example of FIG. 1 (first example) ... 1%= 5.0 AT tially parallel to the first thin magnetic film and the 

b. Only a main pole, without a second thin magnetic first portion of the second thin magnetic film, the 
film 18, was used (second example) . . . 190= 1.2 AT thin film coil having a center adjacent to the sec- 

c. Only a main pole and a second thin magnetic film ond end of the first thin magnetic film. 

18 were used as in the first embodiment of FIG. 3 25 2. A perpendicular magnetic recording and reproduc- 

(third example) . . . 190= 0.7 AT ing head according to claim 1, wherein the thin film coil 

2. Reproducing Characteristics is a spiral coil and the first thin magnetic film is a mono- 

a. The first example . . . Vo=0.06 jiV / >_ /x /j Ain ~ t[jan magnetic main pole. 

b. The second example . . . Vo=0.08 /iV^_p//xm.turn 3. A perpendicular magnetic recording and reproduc- 
c The third example . . . Vo=0.13 pVf_j//im.turn. 30 ing head according to claim 2, further comprising an 

_ ^ m __. « A _ x , , insulating film formed between the spiral coil and the 

RIGID DISK (Co..Cr 0.5 ;*m, NuFe 0.5 jim) V= 6 m/s main pole ^ d between the spiral coU and the second 

1. Recording Characteristics thin magnetic film. 

a. Only a main pole and a second thin magnetic film 4. A perpendicular magnetic recording and reproduc- 

18 were used, the front end of the main pole being 35 ing head according to claim 3, wherein the second thin 

narrower and thinner as in the fourth embodiment magnetic film has a third portion extending over and in 

of FIG. 9 (fourth example) . . . I9o=0.42 AT substantially parallel relation to the main pole on the 

b. Only a main pole and a second thin magnetic film 18 opposite side of the spiral coil from the main pole, the 

were used under the same condition as above and a insulating film is formed between the spiral coil and the 

second thin magnetic film 18 was extended to the 40 third portion of the second thin magnetic film and 
front portion of the main pole as in a combination of wherein the main pole and the second thin magnetic 

the third embodiment of FIG. 7 and the fourth em- film form a closed flux structure, 

bodiment of FIG. 9 (fifth example) . . . 190=0.39 AT 5. A perpendicular magnetic recording and reproduc- 

2. Reproducing Characteristics ing head according to claim 3, wherein the main pole 
The fourth example . . . Vo=0.8 /xV /> _p//j,m.turn 45 has a cross-sectional area and wherein the first end of 
The fifth example . . . Vo= 1.0 pLV pip/ jxm.tum the main pole has a cross-sectional area which is smaller 
In the above experimental results, I90 is the current than the cross-sectional area of the portion of the main 

supplied to the spiral coil when a 90% value of a satura- pole other than the first end. 

tion output is obtained; AT is ampere turns; Vb is the 6. A perpendicular magnetic recording and reproduc- 

peak-to-peak output voltage obtained in the spiral coil; 50 ing head according to claim 3, wherein the main pole 

and jiVp_p//uxi.turn is the unit of the output voltage has a cross-sectional area, the second thin magnetic film 

represented by micron volts per 1 pirn of the track width has a cross-sectional area, and wherein the cross-sec- 

of the recording medium and per one turn of the spiral tional area of the second thin film is larger than the 

coil. cross-sectional area of the main pole. 

As will be apparent from the above experimental 55 7. A perpendicular magnetic recording and reproduc- 
es ults, the recording/reproducing characteristics are ing head according to claim 1, 2, 3, 4, 5 or 6, wherein 
greatly improved according to the present invention. said spiral coil comprises one electrically conductive 

The present invention is not restricted to the above- thin film spirally formed in a plane, 

described embodiments, and various changes and modi- 8. A perpendicular magnetic recording and reproduc- 

fications are possible without departing from the* spirit 60 ing head according to claim 1, 2, 3, 4, 5 or 6, wherein 

of the present invention. For example, various combina- said spiral coil comprises a number of stacked thin films 

tions of the above embodiments are possible. each of said stacked thin films being insulated by said 

From the foregoing description, it will be apparent insulating film, and each of said thin films having a 
that, according to the present invention, by forming a contact point, said contact point electrically connecting 
thin-film spiral coU having a number of turns near the 65 said stacked films. 

main pole, a perpendicular magnetic recording and 9. A perpendicular magnetic recording and reproduc- 

reproducing head can be obtained which can be easily ing head according to claim 1, 2, 3, 4, 3 or 6, wherein 

manufactured, which is suitable for high-frequency said spiral coil comprises one electrically conductive 
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thin film formed in a helix and wherein the turns of said 11. A perpendicular magnetic recording and repro- 

helix are insulated by said insulating film. ducmg head accordmg i0 °™™'^™nte thm 

,. , ^ ^ a „ H _„ rrt _ film coil is a spiral coi and the first thin magnetic film 

10. A perpendicular magnetic recording and repro- fe ^ ^ ^ , e 

ducing head for recording and reproducing information 5 u A ndicular magnet ic recording and repro- 
from a recording medium having a recording surface, ducing head acc ording to claim 11, further comprising 
comprising: an insulating film formed between the spiral coil and the 
a first thin magnetic film in substantially perpendicu- main between the spiral coil and the second thin 
lar relation with the recording surface, the first thin magnetic film and between the main pole and the mag- 
magnetic film having a first end, adjacent to the \o neto resistive element. 

recording surface, which generates a magnetic flux 13. A perpendicular magnetic recording and repro- 

perpendicular to the surface of the recording me- ducing head according to claim 11, wherein the second 

dium for recording information, and a second end; thin magnetic film has a third portion extending over 

a second thin magnetic film having a first portion in and in substantially parallel relation to the main pole on 

substantially parallel relation with the first thin 15 the opposite side of Ae spiral coil from Ac mam pole^ 

. ~. , . the insulating film is formed between the spiral coil and 

magnetic film and a ^J 0 ^^^^ the third portion of the second thin magnetic film and 

the second end of the first thin magnetic film; and *™ ^ &nd ^ ^ magnetic 

a magneto resistive element, m substantially parallel fflm fonn Q clo£ed flux struct ure. 
relation to the first thin magnetic film, for repro- 2Q 14 A pejpendkadax magnetic recording and repro- 
ducing information; and ducing head according to claim 12, further comprising 

a thin film coil, disposed in a plane which is substan- a third thin magnetic film in substantially parallel rela- 
tially parallel to the first thin magnetic film and the tion to the main pole and the magneto resistive element, 
first portion of the second thin magnetic film, the wherein the insulating film is formed between the mag- 
thin film coil having a center adjacent to the sec- 25 netic resistive element and the third thin magnetic film, 
ond end of the first thin magnetic film. * * * * * 



30 



35 



40 



45 



50 



55 



60 



65 



03/11/2004, EAST Version: 1.4.1 



